This study aims to find the cut-off value and diagnostic accuracy of the use of RDW as initial investigation in enabling the differentiation between IDA and NTDT patients. Patients with microcytic anemia were enrolled in the training set and used to plot a receiving operating characteristics (ROC) curve to obtain the cut-off value of RDW. A second set of patients were included in the validation set and used to analyze the diagnostic accuracy. We recruited 94 IDA and 64 NTDT patients into the training set. The area under the curve of the ROC in the training set was 0.803. The best cut-off value of RDW in the diagnosis of NTDT was >21.0% with a sensitivity and specificity of 81.3% and 55.3% respectively. In the validation set, there were 34 IDA and 58 NTDT patients using the cut-off value of 21.0% to validate. The sensitivity, specificity, positive predictive value and negative predictive value were 84.5%, 70.6%, 83.1% and 72.7% respectively. We can therefore conclude that RDW >21.0% is useful in differentiating between IDA and NTDT patients with high diagnostic accuracy.
Introduction
Microcytic anemia is the most common form of anemia seen in medical practice. 1 Both iron deficiency anemia (IDA) and thalassemia are common causes of microcytic anemia in Thailand. 2 Thalassemia has variety phenotypes, which can be divided into thalassemia trait, which is asymptomatic, and thalassemia disease. The essential factor in distinguishing the severity of thalassemia disease is transfusion-dependence.
Transfusion-dependent thalassemia (TDT) patients have obvious clinical features such as severe anemia, a thalassemic face, growth retardation, massive hepatosplenomegaly and require regular blood transfusion; therefore, the diagnosis can be fairly conclusive before further investigation. Patients with non-transfusion-dependent thalassemia (NTDT) do not require lifelong regular transfusion for survival, but may require occasional transfusions in certain settings. Undiagnosed NTDT patients, who have never had a transfusion, may present with microcytic anemia without any gross thalassemic features, which can mimic the characteristics of IDA patients. Decisions regarding further investigations can be challenging. A definite diagnosis of these two conditions can be made easily by hemoglobin typing and iron studies but they may take time, are costly and also are not available in some areas. Red cell distribution width values (RDW), one of the red blood cell indices, which will already have been reported in the complete blood count (CBC), reflects the degree of anisocytosis of red blood cells. This value has been used to differentiate between patients with IDA and a thalassemia trait for decades. 3, 4 From previous studies, varied cut-off values from 13.4% to 21.0% were used and gave a wide range of sensitivity and specificity. 2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The cut-off values allowing differentiation between IDA and NTDT and the diagnostic accuracy of this differentiation have never been properly studied. This study will identify the particular cut-off value of RDW for the differentiation between IDA and NTDT to facilitate the giving of proper initial management and inform further investigations before a definite diagnosis is made.
Materials and Methods
The study was conducted at the Department of Internal Medicine at Maharaj Nakorn Chiang Mai Hospital, Chiang Mai University. All adult patients with microcytic anemia, both outpatients and inpatients, attending the Department of Internal Medicine in the period March 2011 to August 2016 were enrolled. Data collected retrospectively using the electronic medical record system were age, sex, current and past medical illness, history of blood transfusion and laboratory data (CBC, serum creatinine, iron studies, hemoglobin typing). Inclusion criteria were a hemoglobin count of less than 12.0 g/dL for women and 13.0 g/dL for men, a mean corpuscular volume (MCV) below 80 fL, and meeting the diagnostic criteria of either IDA or NTDT. Exclusion criteria included: i) none completion of both iron studies and hemoglobin typing; ii) IDA with concomitant thalassemia trait or disease; iii) diagnosed chronic kidney disease according to the definition in Kidney Disease: Improving Global Outcomes 2012 (KDIGO); iv) splenectomized; v) transfusion-dependence or history of blood transfusion in past 3 months; vi) pregnancy.
The diagnosis of IDA was made by transferrin saturation <16% or/and serum ferritin <30 ng/mL. The diagnosis of NTDT was made from recorded clinical data and compatible hemoglobin typing result by high performance liquid chromatography (HPLC).
The patients were divided into 2 groups according to the date of the CBC test, the two groups being the training set and the validation set. The training set, consisted of patients recruited between March 2011 and August 2015, and their data was used to plot a receiving operating characteristics (ROC) curve to obtain the cut-off value of RDW. The validation set, consisted of patients recruited between September 2015 and August 2016, and was used to analyze the accuracy of diagnosis.
The sample size formula for estimating the sensitivity of the test 17 was used to calculate the basis for a significance level at 0.05, a 95% confidence interval, with anticipated sensitivity at 80% and 10% allowable error margins in estimating specificity.
The sample size of the training set was at least 62 subjects in each arm.
Complete blood counts and determination of red cell parameters were performed using automated hematology analyzers, Siemens ADVIA ® 2120 which are calibrated for standardization of results every 6 months.
IBM SPSS statistics version 23.0 was used for the statistical analysis of the results. The receiver operating characteristic (ROC) curve analysis was also used to demonstrate the diagnostic performance of RDW. P values of ≤ 0.05, calculated using a Chi-square test was used to compare categorical variables and Independent samples t-test was used to compare between continuous variables, were considered significant. STATA ® version 14.0 was used for the analysis of diagnostic accuracy and 95% confidence interval in the validation set.
Results
We enrolled total 1773 microcytic anemia patients between March 2011 and August 2016. 1523 patients were excluded; the remaining 250 patients were included in the study (Figure 1) . The training set consists of 94 IDA patients (59%) and 64 NTDT patients (41%). The baseline characteristics of both groups were mostly statistically similar. The exception was the proportion of females in the IDA patients is greater (79.8% vs 54.7%, p=0.001) ( Table 1 ). The mean age of the training set was 49.96 years. The mean hemoglobin level was 8.26 g/dL. The majority of the population in the study had a moderate to severe degree of anemia, based on the WHO definition. The mean MCV was 64.75 fL. The mean RDW was significantly higher in NTDT patients (24.52 ± 4.09 vs 20.09 ± 3.52, p < 0.001). The ROC curve of RDW used in the diagnosis of NTDT had an area under the curve of 0.803 (Figure 2 ). The best RDW cut-off value obtained from the ROC curve in the diagnosis of NTDT was more than 21.0% with a sensitivity and specificity of 81.3% and 55.3% respectively. The other nearby cut-off values and their given sensitivity and specificity are shown in Table 2 .
During a 1-year period, from September 2015 to August 2016, the validation set consisted of 34 IDA patients (37%) and 58 NTDT patients (63%). The baseline charac- teristics of both groups were also statistically similar apart from the proportion of female patients (85.3% vs 65.5%, p = 0.04), the same trend as in the training set. The mean RDW was also significantly higher in NTDT patients (24.55 ± 3.62 vs 19.79 ± 3.36, p < 0.001). The sensitivity, specificity, positive predictive value and negative predictive value in the diagnosis of NTDT by RDW ≥ 21.0% in the validation set were 84.5%, 70.6%, 83.1% and 72.7% respectively (Table 3 ). The proportion of the thalassemia phenotype in NTDT patients among the training and validation sets were 79.7% and 70.7% for alpha-thalassemia respectively, and 20.3% and 29.3% for beta-thalassemia (Table 1) .
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Discussion
Distinguishing IDA from thalassemia has been and still is an ongoing problem in Thailand, where the prevalence of thalassemia is high. 18 Until now, many studies have shown a high efficacy of RDW in distinguishing IDA from the thalassemia trait, but this has not been the same for thalassemia disease. 2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Our study used RDW for differentiating between IDA and NTDT in adults with moderate to severe microcytic anemia, according to the WHO classification. 19 At a cut-off value of 21.0%, it gives high diagnostic accuracy, especially up to a sensitivity value of 84.5%, in the diagnosis of NTDT.
Iron overload is a common complication among thalassemia patients, leading to many serious co-morbidities. Not only transfusion-dependent thalassemia patients suffer from this condition, it can also occur in NTDT patients who have not been transfused due to an increased intestinal absorption of iron. Iron supplements could be harmful to these patients. 20 So, in our study, we have chosen a cut-off value which gives us a high sensitivity for the diagnosis of NTDT, while the specificity value is not too low, in order to minimize the false negative rate and avoid the prescription of iron supplements to undiagnosed NTDT patients as an empirical treatment before a definite 16 the first meta-analysis of RBC indices for distinguishing between the thalassemia trait and IDA in patients with microcytic anemia, reported diagnostic accuracy from RDW using data collected in 48 studies worldwide, including a total of 12,039 subjects. With a cut-off value at 15%, the sensitivity and specificity were 62% and 68% with an Area under the curve (AUC) of 0.778. The specificity is comparable to our study but our sensitivity is higher. This may lead to the conclusion that RDW is more suitable for differentiating patients with a greater severity of thalassemia syndrome, like NTDT, in our study from those with iron deficiency anemia. Likewise, D. Viswanath et al. 10 studied the diagnostic accuracy of an abnormally high RDW in the diagnosis of IDA in various grades and reported the greater the severity of anemia the patients had, the greater the sensitivity of RDW when used for the diagnosis of IDA. Lima et al. 9 chose a RDW cut-off value of 21.0%, giving a sensitivity of 90% and specificity 77% in distinguishing IDA from the beta thalassemia trait. Previous studies were mainly using RDW and other RBC indices to distinguish IDA from thalassemia trait, in which iron overload does not normally occur, even when the patient is receiving iron supplements. Thus, researchers may not need to include this and choose a cut-off value, which gives a high sensitivity in the diagnosis of IDA.
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New generations of automated CBC machines also provide data concerning a new interesting value, specifically the percentage of microcytic red cells with a volume less than 60 fl (%Micro R). A value of more than 20% discriminates the beta thalassemia trait from mild IDA with 93.7% sensitivity and 75.4% specificity (AUC 0.938, 95% CI 0.903-0.964). 21 This simple value adds a higher level of diagnostic accuracy to our RDW value but the data was collected only in cases of mild severity of iron deficiency anemia and thalassemia syndrome, so its applicability in Thailand where greater severity of IDA and thalassemia is quite common needs to be considered.
Limitations of this study include, first, only pure IDA and pure NTDT were included in the study. Concomitant IDA and thalassemia (including traits), which can be occasionally found in Thailand where prevalence of the thalassemia trait is high, 18 were excluded. Other causes of normocytic anemia such as pregnancy and chronic kidney disease were also excluded. This may overestimate the diagnostic accuracy and the real-world effectiveness should be examined further. Second, this is a retrospective study. The data were reviewed totally from electronic medical records. There was some incomplete data, including blood transfusion history, which may influence the results. Third, 951 out of 1773 patients (53.6%) were excluded due to incomplete laboratory diagnostic data. This may be considered as selection bias. Fourth, the baseline characteristics in both groups are not statistically equal. The proportion of females in the IDA groups of both the training and the validation sets were higher than in the NTDT groups. But this might not have an effect a lot because prevalence of IDA in females is more than males in general. 1 Finally, our study included mainly moderate to severe anemia groups. This may affect using RDW at this cut-off value to differentiate the causes in a mild anemia group. But from a subgroup analysis of mild anemia in the validation set, the mean RDW of IDA was 14.35% while the mean RDW of NTDT was 21.33%, so the cut-off value of 21.0% may be reasonably applicable but this would need further confirmation in a large number of these patients.
In the future, we suggest further research to enable the development of an algorithm for use in the evaluation of microcytic anemia patients. This would need to include other basic laboratory results in addition to the RDW value to increase the diagnostic power of RDW in the diagnosis of NTDT. This is challenging but it may be very useful in developing countries where budgets are limited.
Conclusions
From our study, a RDW more than 21.0% may be useful in enabling differentiation between IDA and NTDT patients with a high level of diagnostic accuracy. This value can help to provide a provisional diagnosis, give information for appropriate further investigation and guide empirical treatment before a definitive diagnosis is made. 
